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Enzyme immunoassay method. 

® In an enzyme immunoassay method in which the degree 
of binding of a component of an antigen-antibody reaction 
with an enzyme conjugate is measured by incubating the two 
together in a plurality of wells 11 in a microtitreplate 10 and 
subsequently measuring the optical density provided by the 
action of the enzyme on a substrate, the antigen/antibody is 
introduced into each well coated on a respective moulded 
plastics insert 12. The inserts are preferably of downwardly 
tapering hollow conical shape. 
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This invention relates to an enzyme immunoassay (EIA) 
method using a microtitreplate (MTP). 

An MTP is a known tray-like article having a 
plurality of wells which are usually arranged in a 
rectangular array, typically having 8 rows by 12 columns, 
and which are usually made by moulding from a transparent 
plastics material such as transparent polystyrene. In 
conventional use the tray including the wells is coated 
with an antigen or antibody either directly or indirectly 
and used to measure the degree of binding of the antibody 
with an enzyme conjugate by introducing the latter into 
the wells of the coated tray, incubating the two together 
in the tray, and subsequently measuring the optical 
density (OD) provided by the action of the enzyme on a 
15 substrate (reagent for colour development). The OD of 

each well is therefore a measure of the degree of binding 
in the well. 

However, we have found that under nominally identical 
conditions a typical antibody-coated MTP shows trends and 
localised "highs" and "lows" in the degree of antibody 
binding in the wells. 

This can be demonstrated by coating an MTP with 
antibody and measuring the amount of antibody in each well 
by its ability to bind an enzyme conjugate, the conditions 
in each well being made identical as far as possible. In 
this case the OD readings will be a measure of the amount 
of antibody in each well, and variations of the OD reading 
will reflect variations in antibody binding from well-to- 
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well. 
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A typical example is snown in figure 1, wTiere the 
letters A to H refer to the rows and the numbers 1 to 12 
refer to the columns of an 8 x 12 matrix of wells in a 96- 
well MTP. 

It will be observed that the general trend is for the 
OD to drop from row A to row E, the trend is reversed as 
one goes to row G, and finally there is a drop at row H. 
As regards colums there is a drop-rise-drop-rise pattern 
from left to right. Finally, an area of localised lows is 
found at wells E2 to E5. 

It would seem that these trends inherently result 
from the moulding process by which the plate is made. 
This is clearly undesirable since OD variations will be 
partially accounted for by the different binding 
characteristics of antibody in the wells thus reducing the 
accuracy of the assay. 

Accordingly, the present invention provides an EIA 
method in which the degree of binding of a component of an 
antigen-antibody reaction with an enzjyme conjugate is 
measured by incubating the two together in a plurality of 
wells in an MTP and subsequently measuring the optical 
density provided by the action of the enzyme on a 
substrate, wherein the antigen or antibody is introduced 
into each well coated on a respective moulded plastics 
insert. 

Thus, of the two roles played by the MTP in the 
conventional technique, i.e. (i) solid phase for antigen/ 
antibody binding and (ii) incubation vessel, the inserts 
substitute for role (i) while the MTP continues to serve 

) for role (ii). 

The main advantage of the invention is that, assuming 
the inserts are randcaaly located in the wells, local 
"highs" and "lows" and general trends would be eliminated 
or substantialy reduced, giving a substantial improvement 

5 of the assay. Overall variation in binding between any 

two inserts should be less than the variation between any 
two wells in a preformed plate, since in the latter the 
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»ouia or. xf forn,ea 1„ batches in eub-.oulas, tbey „ay b. 
sorted so that all Inserts fro™ one sub-„,ould are kept 

together. . 

A further advantage of the invention is that the 
xnserts can reduce Incubation ti.e if a shape which gives 
a large surface area (and hence .ore binding) to volume 
rat.o .s used. .tore binding „eans ™ore enzy„,e conjugate 
bound and less time is reauired f^r- ™i . 
T» ^ required for colour development. 

It wxll be appreciated that in the conventional technique 
the surface area to volume ratio is fixed for a given 
plate. 

In practice inserts could be used individually for 
snail nun^ers of tests, that is, they can be inserted 
xndivxdually by hand into the wells of the MTP. However, 
for large numbers of tests the inserts may be first 
assembled in a holding frame to form an array 
corresponding to the array of wells in the MTP, and then 
xntroduced substantially simultaneously into the 
respective wells by lowering the frame towards the 
For thxs purpose each insert would be provided with at 
IZTJ"' T""^ extending support member by which the 
insert can be gripped by the frame while leaving the 
insert proper freely depending below the frame for 
insertion into the MTP. 

The advantage of this arrangement is that the 
incubation time can be precisely controlled simply by 
lowering and raising the frame at the desired ti.e, and 
the xncubation time will be substantially the same for all 
wells. The elimination of the abovementioned local 
hxghs" and "lows" and general trends would also be 

frame wxth the inserts. 

The inserts n,ay be adapted to be moved progressively 
from one row of wells to one or more subsequent rows of 
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wells during tlie course of a particular assay as described 
hereinbelow in greater detail. -or example, the inserts 
may be moved from a first row of wells ^-iah. the 

immunochemical reaction takes place and hence to a second 
5 row of wells in which the enzymatic reaction takes place 
and optical density measurements are taken. 

Where the inserts are to be loaded individually by 
hand, it is preferred that they are of hollow open-ended 
construction so that they do not have to be removed from 
10 the wells prior to measurement of the OD which is 

conventionally performed by directing light vertically 
through the wells. Open-ended inserts of downwardly 
tapering conical shape have been found suitable for this 
ptirpose. The use of inserts of a conical shape provides 
15 two binding surfaces for the antibody compared to the one 
surface (the inside wall of the well) when the MTP alone 
is used. Inserts of the same open-ended hollow conical 
shape may also be used where they are held in a frame, 
although if the frame does not permit the passage of light 
20 down through each well the frame will have to be removed 
prior to OD measurement. 

The inserts may be made of any plastics material 
which binds antigen/antibody such as polypropylene, and it 
is immaterial whether the material is opaque or not as the 
25 insert will not be in the path of the light when OD 

measurement takes place (either because it is removed or 
because it is hollow and open-ended) . A particular 
advantage of polypropylene, although not limited thereto, 
is that it has the ability to be dry-coated with antibody. 
3Q m.,^nmmzn the latter case it is possible to pre-assemble 
« ^inserts dry-coated with antibody into the wells of an MTP 
and supply the assembly ready for use to the end user who 
c T^ simply needs to add the enzyme conjugate and any other 
« • reagent(s) according to the particular assay being 
35 ^conducted. The invention therefore also provides an MTP 
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having inserts dry-coated with antigen/antibody ^ 
accommodated in respective wells thereof. 

Antigen/ antibody may be bound directly to the insert 
or, alternatively, indirect binding may be used. For 
5 example, the inserts may be coated directly with antibody 
and then a layer of antigen bound to the antibody coated 
on the inserts, if direct binding of the particular 
antigen is difficult or impossible to achieve. Indirect 
binding of antibody may also be used, although this would 
10 not normally be the case. 

An embodiment of the invention will now be described, 
by way of example, with reference to the accompanying 
drawings, in which i 

Figure 1, previously described, is a table which 
15 shows the variation in antibody binding in the wells of a 
conventional MTP, 

Figure 2 is a cross-sectional perspective view of 
part of a conventional MTP, 

Figure 3 is a cross-sectional perspective view of 
part of a. conventional MTP but having inserts in the wells 
thereof for practising the present invention. 

Figure 4 is a perspective view of a single insert for 
use with a holding frame, and 

Figure 5 is a labelled diagrammatic top view of an 
25 MTP which is used in association with a description of a 
detailed embodiment of the invention using the inserts of 
Figure 4. 

Referring to figure 2, a conventional MTP 10 is 
formed as a one-piece moulding of transparent polystyrene 
and contains an 8 x 12 rectangular array of parallel 
cylindrical wells 11. As mentioned above, sliaeh««a plate 
has the disadvantage that the moulding technique |^ ^ 
conventionally used in the manufacture of the plates, 
inherently produces non-uniform antibody binding 
characteristics across the area of the plate. ^« 
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Thus, in accordance witli tlie embodiment of ttie 
invention sliown in figure 3, inserts 12 previously coated 
with antibody are inserted into each well 11. The inserts 
12 are of hollow open-ended conical form which taper 
5 downwardly into tlie wells, each insert being a snug fit at 
tha top of the well and having its axis coincident with 
the axis of the well. The hollow form of the inserts 
permits a reading of optical density to be taken without 
removing the inserts from the wells, 
10 The inserts are moulded frraa a plastics material 

which binds antibody, and they are preferably made of 
polypropylene as this material can be dry-coated with 
antibody and therefore plates and inserts can be supplied 
to the user in ready-assembled form as illustrated in 
15 figure 3. 

However, tlie inserts may be inserted into the wells 
in wet or dry coated form by the user, and this may be 
done before or after the enzyme conjugate is added. In 
the example shown in figure 3, if the assembly is not 
20 supplied ready-assembled as shown, the user must place 

each insert individually into the wells. To assist in the 
insertion and removal of the inserts 12 shown in figure 3, 
these may project in part above the surrounding plate, for 
example they may have an annular rim at the top end which 
25 rests on the top surface of the plate 10, or they may be 
provided with an upward projection similar to one of the 
members 13 of figure 4 now to be described • 

To avoid the insertion of each insert 12 individually 
into its respective well, figure 4 illustrates a form of 
30 insert which is adapted to be fitted into a holding frame 
(not shown) along with a plurality of similar inserts. - 
The main body part of the insert is the same as that shown 
in figure 3, and is similarly referenced, but a pair of 
members 13 extend upwardly frran diametrically opposite 
35 points on the upper rim of the main body 12 and terminate 
in a ring 14. The rings 14 of all the inserts are gripped 
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by the holding frame in such positions relative to the 
frame as to form an array corresponding in configuration 
to the wells 11 of the plate 10, the bodies 12 of all the 
inserts depending from the same side of the frame. Thus, 
as described above, all the coated inserts may be 
introduced into and removed from the respective wells at 
the same time by lowering and raising the frame as a whole 
towards or away from the plate 10, 

An embodiment of the invention using inserts in a 
frame will now be described with reference to figure 5 
The particular EIA being performed in this case is that of 
progesterone in milk using inserts pre-coated with anti- 
progesterone serum and assembled in an 8 x 12 matrix in 
the frame. Referring to figure 5, the steps of the method 
are as follows; 

(1) Add 200 1 of enzyme-progesterone conjugate 
(Prog-HRP) to each well in the MTP (except wells 
Al and A2 ) . 

(2) Add 10 1 milk progesterone (standards, controls 

and samples) to appropriate wells in the plate 

(3) Mix. 

(4) Place frame of inserts in the wells. This begins 
the first stage of the reaction. Prog-HRP will bind 
to the antibody coated inserts in the absence of 
milk progesterone (Bo wells). m the presence of 
increasing amounts of milk progesterone (STDl to 
STD6) less and less Prog-HRP will bind. 
After 1 hour empty the plate and wash the inserts 
(still in the wells) with a MTP washer. Remove the 
frame of inserts . 

To each well in the plate add 150 1 of buffer- 
substrate (i.e. reagent for colour development). 
(7) Replace the frame of inserts. This begins the 
reaction which leads to colour development. 


(5) 
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development ceases. EIA 
The colour developed xn eaclx well 

reader. „«r,<-T-ation versus colour 

T,e measured from its colour. 

^ of tl^e frame at step 8 implies tlxat the 
The removal of tne 

--^ use. aoe. 

through tl:.e wells. Howe . 3„itably designed 

..e rings 14 «-"Xnt.rrs:i.a.le design of fra^e ..e 
molding fra»e so «.a. w ^^^^^^ measurement. 

inserts ^erred e^todUaent tl>e ^=rotl«e- 

a f ur*er pref e ^.^styrene »>locX 

plate con.pr.ses ^ ^^^3, ^3^,3, generally In 

containing ro„^ =yl- ^^^^ ^ ^^^.^^ „l..c. 

multiples of ^^^- ^^ ,„3erts and «>.lch 

is attact.ed a ^^^^^^^^ ^„,ai„, frame in tl>e 

inserts arc moved ty ^ successive rows of 

course of an assay P-°^ressx J ,„tlgen/antlbody 

«ells. well '^^^^l^;J^^ are supplied In a 

to the substance bei.ng dete solution. In 

first row of well- contaxn.ng a ^^^^ to 
t.e case of ^^JJ^^^Z^Z Z.TTro.^sZro.. antiserum 
; above tlve inserts are c ^wcerol based. The 

- ^-rdreTowrris-cori: dHute. ready-to- 
second or mxddle row o ^^^^^ ^ 

solution and to t^hxo 
use enzyme conjugate solu ^^^^^^^ 


use enzyme con^ug^-^ tested. In the 

predetermined amount of the - ^^^^ 

30 case of the P^^^^-™:;^: antigen/ antibody coated 

would be added to the wells^ Th ^^^^^^ 

well inserts are -^^^^^^''^jZ^^^^^s containing the 
washed clear and immersed xnto tbe w 
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enzyme conjugate plus sample wherein the biochemical 
binding reactions of enzyme immunoassay occur. After an 
appropriate time sufficient to enable the ixranunochemical 
reaction to proceed to completion, the well inserts are 
removed, washed and inserted into the third row of wells 
which contain a buffer-substrate mixture to which the user 
will have added a predetermined amount of chromogen 
solution shortly before. The conjugate bound to the 
inserts during the incubation in the second row of wells 
causes development of colour in the complete buffer- 
substrate mixture.. The intensity of the colour produced, 
relative to one or more supplied control{s) indicates the 
presence or the amount of the substance being determined. 
The advantage of this embodiment is its simplicity in use, 
15 since manipulations are cut to the absolute minimum. 

Besides the block and inserts any kit comprising same and, 
indeed, the end user, will require only a bottle of 
chromogen for addition to the buffer-substrate in the 
third row of wells and a control vial or vials of 
20 various controls to be added to the row of conjugate 

wells at the same time as the samples to the analysed. 

It is to be understood that the invention is by no 
means restricted to the use of hollow inserts nor conical 
inserts, and any shape of insert which will fit within the 
25 wells 11 may be used. Furthermore, the inserts of figure 
4, or any other inserts designed for use with a holding 
frame, can be inserted manually into the respective wells 
if desired without the use of a frame. 


At- 
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CIAIMS ; - 

1. An enzyme immunoassay (EIA) method in wHich 
the degree of binding of a component of an antigen- 
antibody reaction with an enzyme conjugate is measured by 

5 incubating the two together in a plurality of wells in a 
microtitreplate (MTP) and subsequently measuring the 
optical density provided by the action of the enzyme on a 
substrate, wherein the antigen or antibody is introduced 
into each well coated on a respective moulded plastics 
10 insert. 

2. An EIA method according to claim 1, wherein each 
insert is of hollow open-ended construction oriented in 
its respective well to permit light to be shone vertically 
through the well without obstruction by the insert. 

15. 3. An EIA method according to claim 2, wherein the 
inserts are of downwardly tapering conical shape. 

4. An EIA method according to any preceding claim, 
wherein each insert projects at least in part above the 
surrounding MTP. 

20 5. An EIA method according to claim 4, wherein the 
inserts are assembled in a holding frame and inserted 
simultaneously into the MTP by lowering the frame. 

6. An EIA method according to any preceding claim, 
wherein the inserts are dry-coated with antigen or 

25 antibody . 

7. An EIA method according to claim 6, wherein the 
inserts are inserted in the wells before the enzyme 
conjugate. 
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8. An EIA method according to claim 1. wherein the 
inserts are of polypropylene. 

9. A microtitreplate having a plurality of wells each 

wlthln'ZJ ^^^^^^^^^^ ^^"^^^^ i-e- dry-coated 

With an antigen or antibody. 

10. A microtitreplate according to clai™ 9, „herei„ the 
inserts are of polypropylene. 
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